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 要  旨 
本研究では，AR(Augmented Reality，AR)と様々な入力デバイスを用いた 3DCGモデリング
システムを実装し，さらに物理エンジンと組み合わせることで，さわれる拡張現実感(AR)システ
ムの有効性を確認した． 
拡張現実感は実世界の映像に CG モデルや情報を重畳表示し，現実世界を拡張したり，情報を
付加する技術である．近年ではスマートフォンのように，カメラとディスプレイが一体となって
いる携帯端末が多く普及している為 AR アプリケーションを手軽に体験できる．しかしほとんど
の AR アプリでは，ユーザーのできることが見ることだけにとどまっている．そこで AR を使っ
たアプリの幅を広げるために新しいインタラクションを追加する意義があると考え，様々なイン
タラクションの中で"さわる"という操作に着目した． 
本研究では，目的として掲げた"見るだけでなくさわれる AR"を実現するために，まず CGモデ
ルの全ての頂点を管理する必要がある 3DCGモデリングシステムを実装し，評価実験を行った．
また，実装するにあたって，手の指を使った直感的な入力が可能である 2 つのデバイスを使用し
た．１つ目が KINECTで，２つ目が LEAP motionである．さらに，さわれる ARを使った 1例
として物理エンジンを組み合わせることで，手の動きによって仮想的な壁を破壊するアプリケー
ションを実装した． 
実験の結果，両デバイスにおいて CG モデルの形状変形を確認できた．比較すると，LEAP 
motionを使用したシステムの方が直感的な操作をできる感覚があった．しかし，両デバイスを使
用した場合ともに，具体的な物体の形状モデリングが可能と言えるクオリティではなかった．一
方，物理エンジンを使用したシステムでは拳がまるで CG モデルの壁を破壊するような感覚を得
られた．  
今回開発した 3DCG モデリングシステムには，精度，AR の表示に関する問題など複数の研究
課題が残っている．物理エンジンを使用したシステムでは，物理エンジンの AR との親和性の高
さを確認すると共に今後様々な用途に応用できる可能性を見出した． 
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??????????????????
? 4.13: KINECT????? (1)(???? [17]????)
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? 4.14: KINECT????? (2)(???? [17]????)
? 4.14?? 2?????????? x?????????????????
??????????x??????????????? x????????
????????x[0]?????????????? 4.14?????????
????????????????? x?????????????????
??????LED???????????????????????????
???????????????????????????????? 2??
??? x?????????????????y?????????????
????????
? 4? 3DCG???????????? 32
? 4.15: KINECT????? (3)(???? [17]????)
KINECT??????????????? x(???? y)????????
???????????? d????KINECT??????? 57??????
?? 47?????????????? 640?? 480????????????
????? i,j?????????? 4.15?????????????????
x????????????????????????? x?y???????
????????????????
d tan(57? 2) 320(640 2)  i (4.1)
d tan(43? 2) 240(240 2)  j (4.2)
2??????????????????????????????????
???????????????
? 4? 3DCG???????????? 33
??????
AR?????? CG?????????????????????? CG
????????????????????????CG??????? AR
???????????????????????????????????
??????????KINECT???????????????CG????
?????????????????????
??????????????????????????????????
???????????????????CG??????????CG??
???????????????????????????????????
180??????????????????CG??????????????
????????????
??????????????????????????????????
?????????KINECT??????????????????????
????????????????CG??????????????????
????????????????????????AR?CG???????
???????????????????????????????????
? 1??????? 2?????????????????????????
???????????????????????????????????
????????????????????????????????????
AR??? 2.3????????????????????????????
?????? 4.16???????????????????????????
??????????
? 4.16: ??????????????? (???? [5]?? 6-9)
? 4? 3DCG???????????? 34
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?????????????? 2????????????????????
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???????????????????????????????????
???????????????????????????????????
????????? z???? (????)????????????????
????????????????????CG?????????????
???????????????????????????????????
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? 4.17: ???????????
? 4.18: ????????????
????????
AR????????????????????? 1??????????
???????????????????? 4.17??????????????
??? 4.18???????????????????????????????
? 4.18?????A????????????????? 5????????
???A???????????????????????????????
????????????B??????????B???????????
?????????????C?????????????????????
??????ARToolKit????????????????????????
?????????C??????B????????????B?????
???????????????????
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? 4.19: ???????????
???????????????????????????????CG?
????????????????????????????????????
???????????????????????????????????
?????????????????????
??????????????????????????????????
?????????A?B???????????????????????
??????????????????????????A????????
CG???????????????A????????????? B???
???????????B????????????????A??????
??????????A?????????????????A??????
??CG??????????
???????? 4.19??????????????? 6????????
???????????????????????????????????
?????????
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4.3 LEAP?????????
??????????? 3?????????LEAP motion???????
????????LEAP motion?????????????????????
???????????????????????????????????
??????????????????????? SDK?????????
???????KINECT????????????????????????
???????
4.3.1 ?????
LEAP motion????????KINECT???????????????
????????????????? LEAP motion???????????
???????? 4.20??????????
? 4.20: ???????????? (LEAP???)
? 4? 3DCG???????????? 38
4.3.2 ???????
LEAP motion??? 3.8???????????????????????
????API??????????????????? LEAP motion???
??????????????????
1. ????????????
2. ???????????????????
3. ??????????????
4. ??????????? 3?????
5. ???????????? 2?? 4??????
KINECT????API????????????????????????
???????????????????????????????????
???????????????????????????????????
????KINECT??????? LEAP motion?????????????
????????????????????????????????????
? LEAP motion???????? ID??????????????????
??? 5???????????????????????????????
??????????????
1. ?? 5????????????? ID???????????
2. ?????????
3. ???? ID??????? ID????????
4. ??????????????????
5. ?????????????????????????
6. ???????????? 2?5?????
??????????????????????????????????
??????????????????????????? 5???????
?????????????????? 3????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????
???????????? LEAP motion???????????????
???????
? 4? 3DCG???????????? 39
4.3.3 ???????????
LEAP motion?KINECT?????????????????????1?
???????????????????????????????????
???????????????????????????????????
????
4.3.4 AR???????
LEAP motion????????AR????????KINECT??????
LEAP motion?KINECT???????????????????KINECT
???????????????????????????????????
??? 4.21???????????????
? 4.21: AR??????? (LEAP motion???)
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?????
???????????????PhysX????????????????
????????PhysX????AR ??????????????????
?????????????????????
AR?????????????????????? CG????????
??????AR???????????????????????????
????????????AR???????????? 3DCG??????
???????????????????????????????????
???
5.1 ??????
??????????????????????????????????
???????????????????????????????????
?????? (??????????????)??????????????
????
5.2 PhysX
PhysX?NVIDIA??????????????????????????
????????????????????????C????OpenGL??
GLUT????????????????????????????????
???
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5.3 PhysX????????
PhysX????AR?????????????????????????
???????????????????????????? 3DCG????
??????????????????PhysX????CG????????
????
5.3.1 ???????
??????????????????????????????????
???????????????????????????????????
???CG???????????PhysX????????????????
????????????????????? 5.1????PhysX?????
???????????????????????????????????
???? (?????)?????????????????????? (??
??????)??????
? 5.1: ???????
? 5? ?????????????????? 42
5.3.2 ???????????
PhysX???????CG?????????? 3DCG?????????
????????????PhysX????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????
getLinearVelocity
??????????????
get
????? x?y?z??????????????
putToSleep
???????????
setLinearVelocity
????????????
addForce
??????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????? putToSleep?????
????? 1?????????????????????????????
???????????????????????????????????
????????????putToSleep??????????????????
?????????????????????????????????
??????????????????????????????????
??????????????
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???? 3DCG???????????????????????????
AR?????????????????????????????????
???????????????????
6.1 3DCG?????????
3?????????? 3DCG?????????????????????
CG?????????????????????????????????
?????????????????????????
6.1.1 ????
?????????????????????
OS Windows7 Professional 64bit
????? Intel(R) Core(TM)i7 CPU 920
????? (RAM) 4GB(2GB? 2)
GPU NVIDIA Quadro 2000D
???? KINECT for Windows
LEAP motion
6.1.2 KINECT?????????
KINECT??????????CG??????????????????
??? 6.1??????????????????????????????
?????? 6.2???????????????????????????
???????
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? 6.1: KINECT????????????
? 6.2: KINECT??????????????
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6.1.3 LEAP motion?????????
LEAP??????????CG????????????????????
? 6.3????????????????????????????????
???? 6.4?????????????????????????????
?????
? 6.3: LEAP motion????????????
? 6.4: LEAP motion??????????????
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? 6.1: KINECT? LEAP motion??????
KINECT LEAP motion
????????? 12.5fps 23.5fps
?? 1.3mm?2.2mm 1/100mm
???? ??? ???
???????? 1.2m? 0.4m?? 0.5m? 0.5m??
6.1.4 ?????????
??????????????????????????????????
????????????????????????
????
?????????????????????? LEAP motion?????
??KINECT?? 4.14??????????????????? 1mm???
???????????????????????????????????
???????KINECT? 80cm????????????????????
???? 1m??????? 20cm????????????????????
??????
6.2 ???????????????
?????????PhysX??????????????AR??????
???????????????? 6.5???????? 6.6????????
????????????????????????????????????
???????????????????????????????KINECT
??????????????LEAP motion???????????????
??????
???????LEAP motion??????????????? 1?????
?? 51.5???????????? 19.5fps??????
? 6? ??????? 47
? 6.5: ???
? 6.6: ???????
? 6? ??????? 48
6.3 ??
6.3.1 ???????????
??????????? LEAP motion????????????????
???????????? LEAP motion????????????????
??????????????????????? LEAP motion?KINECT
?? 2?????????????????KINECT???????????
????????????????????????????????????
??????????????? fps?????KINECT? 12.5fps?LEAP
motion? 23.5fps???????? fps??????????????????
?????????????????AR????????????????
????? 23fps?????????????????????
???? LEAP motion???????????????????????
???????????????????????????????KINECT
???????????????????????????????????
?????????????????????LEAP motion????????
? ID??????????? ID?????????????????????
???????????????????????????????????
??????????????????????????ON/OFF?????
???????????????????
6.3.2 ????AR???
AR??????????????????CG?????? (??????
????)?????????????3?????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????
????????AR?????????????????????????
CG??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????AR???????????????????????????
??????
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6.3.3 AR???????????
AR????????????????????????????????
???????????????????????????????????
????????????AR?????????????????????
?????????????AR??????????????
????????????????????AR???? CG??????
???????????????????????????
6.3.4 ???????????????
CG????????????????????????? CG?????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????AR??????????????????????
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7.1 ?????????????
????? 3DCG?????????? AR?3????????????
????????????????AR??????????????????
AR?????????????????????????????????
?????????
AR?KINECT??????????????
AR??????????????CG???????????????
??????CG??????????????KINECT??????
?????CG?????????????CG???????????
???????KINECT??????????????????????
???????????????????????????
AR?LEAP motion??????????????
KINECT????????????????????LEAP motion??
???????CG????????????????????????
?????LEAP motion?????????????????????2
?????????????????????????????????
????AR????????????????????????
AR??????????????????
???CG???????????????AR?????????CG
?????????????????????????????????
?????????????????????????????????
?????????????????????????????????
??????????????AR?????????????????
?????????????????????????????
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7.2 ?????
7.2.1 ???????
??????CG???????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????LEAP motion????????
???????????????????????????????????
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7.2.2 CG??????
AR????????????CG???????????????????
???????????????????????????????????
??????????????????HMD??????????????
????????CG?????????????????????????
????????
AR????????????????????????????????
???????????????????????????????????
?????????AR????????????????????????
???????????????????????????????????
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